Overall Design of the ADS Injector I Cryogenic System in China  by Li, Shaopeng et al.
 Physics Procedia  67 ( 2015 )  863 – 867 
Available online at www.sciencedirect.com
1875-3892 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICEC 25-ICMC 2014
doi: 10.1016/j.phpro.2015.06.145 
ScienceDirect
25th International Cryogenic Engineering Conference and the International Cryogenic Materials 
Conference in 2014, ICEC 25–ICMC 2014
Overall design of the ADS injector I cryogenic system in China
Shaopeng Li, Rui Ge, Zhuo Zhang, Yaping Liu, Minjing Sang, Lin Bian*, Ruixiong Han, Jiehao Zhang,
Liangrui Sun, Miaofu Xu, Rui Ye, Jianqin Zhang
Institute of High Energy Physics, Chinese Academy of Sciences, 19B Yuquan Lu, Shijingshan District,Beijing 100049,China
Abstract
The accelerator driven sub-critical system (ADS) in China is a kind of transmutation machine to minimize nuclear waste. As one
of the important parts in ADS, injectorĉwill be built at IHEP, CAS. Injector I needs two cryomodules operating at 2 K
cryogenic environment to realize a 10 MeV proton beam energy. Each cryomodule includes seven spoke cavities and seven
superconducting magnets. This paper describes the overall design of the cryogenic system, including the cooling flow chart, heat 
loads estimation, the structure of the operation cryomodule and some of the key components.
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1. Introduction
The accelerator driven sub-critical system (ADS) in China is a kind of transmutation machine to minimize
nuclear waste. The system uses a high energy proton beam to bombard the metal target and generate neutrons to deal 
with the nuclear waste. The role of the proton accelerator in the ADS system is to produce a continuous, stable and 
strong high-energy proton beam. Superconducting technologies can solve the problem of power loss and cooling of 
the high-power accelerator, so it is generally accepted that using a superconducting linac working with a continuous 
wave (CW) in the ADS proton accelerator is the best choice.
The Chinese ADS proton linear (see Fig. 1) has two 0~10 MeV injectors and one 10~1500 MeV 
superconducting linac. Injectors I and II are studied by the Institute of High Energy Physics (IHEP) and the Institute 
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Fig. 1. Conceptual design of the ADS proton superconducting linac accelerator.
of Modern Physics (IMP), respectively. Different technical ways are adopted by the two institutes. Injector I is going 
to have two superconducting cryomodules, each having seven spoke cavities with ȕ=0.12 and seven solenoid 
magnets. In order to improve the operation quality of the superconducting cavities, the superconducting accelerator
section will work in a 2 K cryogenic environment. The cryogenic system for injector I will not only meet the 
operation of the superconducting cryomodules but also meet the vertical and horizontal tests for a variety of cavities. 
The horizontal test station, the vertical test station and the injector operating station can all operate independently 
without influencing each other. The system also includes the high-pressure helium recovery, purification and gas 
storage devices.
2. Overall design of the cryogenic system
The ADS injector I cryogenic system mainly includes the refrigerator, cryogenic distribution valve boxes, 
superconducting devices, 2 K pumping system, recovery and purification system. The simplified flow chart is shown 
in Fig. 2.
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Fig. 2. Simplified flow chart of the ADS injector I cryogenic system.
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In order to meet the requirements, the cold box of the refrigerator has three modes: refrigeration mode, 
liquefaction mode and mixed mode, with the capacity about 1000 W @ 4.5 K in refrigeration mode and 284 L/h in
liquefaction mode with LN2 precooling. The cold box has three outputs; they are the 300 K & 40 K mixture output, 
the supercritical helium output and the two-phase helium output.
The cooling down for superconducting devices has two steps. Firstly, the superconducting devices are cooled 
by a mixture of 300 and 40 K helium. Secondly, a mixture of 40 and 4.5 K helium is used to cool the devices to 
4.5 K. After that, 4.5 K liquid helium goes to 2.0 K by using a heat exchanger, JT valve and the pumping system. 
When operating, the superconducting cavities and magnets are immersed in the 2.0 K superfluid helium.
The vapour pressure for 2.0 K saturated liquid helium is about 3130 Pa which is obtained by a set of pumps. 
The pump unit forces helium gas from the vessels through the transfer line of about 50 meters length. The pumped-
out helium gas goes directly to the suction of the main compressor and completes a closed cycle. When the system is 
cooling down or warming up, the returning gas can either go to the compressor or to the gas bag. Impure helium gas
in the gas bag is purified and then return to the cycle.
The capacity of the 2 K pumping system is about 8000 m3/h @ 31 mbar. The operation pressure of the purifier is 
20 MPa and the purification flow rate is about 105 m3/h. The purity of the helium gas after purification is higher
than 99.9995%.
3. Superconducting devices and their cryostat
The valve box and cryostat for the superconducting devices are very important in the cryogenic system, so their
flow chart and mechanical design is the core of the system design. According to the progress and physical design of 
the accelerator, the two cryomodules will be assembled and tested in different stages. The design of the valve box 
and cryostat for the superconducting devices is shown in Fig. 3.
In order to improve the production efficiency of 2 K liquid helium, there is a phase separator and a 2 K low 
pressure heat exchanger in the 4 K - 2 K valve box. The two-phase helium which comes from the distribution valve 
box is separated in liquid and gas helium in the phase separator. 4.2 K saturated liquid helium goes through the heat 
exchanger and is cooled down to about 2.3 K by the returning 2 K helium gas and then throttled to the pressure 3130
Pa, which is realized by the pumps. The production efficiency of the 2 K liquid helium can be more than 85%.
The cryostats of superconducting devices mainly include the cold mass, two shields, vacuum container and the 
high strength brackets, as shown in Fig. 4. Superconducting cavities and magnets are arranged one-by-one and 
supported by nearly adiabatic supports [1] at the bottom. There is an 80 K liquid nitrogen shield and a 5 K helium 
shield. The shields are also fixed to the supports. The cold mass and adiabatic supports are fixed to the adjustable 
room-temperature brackets and then connected to the vacuum container which is 5485 mm long with an inner 
diameter of 1400 mm.
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Fig. 3. Flow chart of the operation of the cryomodule and its valve box.
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                                          Fig. 4. Spoke cavities and solenoid magnets distributed one-by-one in the cryostat.
The estimation of the dynamic and static heat loads of one cryomodule is shown in Table 1. The results show
that dynamic heat loads of the superconducting cavities are the main loads at 2 K; and static heat loads are the main 
contribution at 5 and 80 K.
Table 1. Dynamic and static heat loads of one cryomodule.
IHEP-ADS CM1 (7-Spoke, 7-solenoid) Quantity Heat load @ 80 K (W) Heat load @ 5 K (W) Heat load @ 2 K (W)
Supports for the magnets [2] 7 20 2.2 0.27
Supports for the cavities [2] 7 23 2.6 0.32
Dynamic heat load of spoke012 cavities 7 -- -- 10.5
Couplers for the cavities(dynamic and static) [3] 7 170 29.5 2.2
Current leads for the magnets [4] 14 51 47.0 5.6
Beam pipe 2 1.7 -- 0.22
BPM cables 28 -- -- 2.9
Supports for 2K cryogenic pipes -- -- 0.34
Temperature and other cables 0.6 0.03 0.05
Heat radiation [5] 19 1.5 --
Total 286 83 23
x Dynamic heat load of Spoke012 cavities estimation is according to the frequency of 325 MHz, R/Q: 142 ȍ, Vc: 0.8 MV, Q-value: 3 u109.
x Current leads for magnets according to 200 A / unit; 
x The dynamic heat load of couplers are calculated under 15 kW RF power [3].
4. Heat load estimation for the system
Besides the cryomodules, we also have to calculate the heat loads of the liquid helium dewar, cryogenic 
transfer lines and the valve boxes, etc. The result of the heat loads estimation is important for choosing the capacity 
of the refrigerator and pump system. The result of the cryomodules operation heat loads are shown in Table 2. The 
results show that it needs about 702 W at 80 K, 272 W at 5 K and 47 W at 2 K. Then the basic liquefaction capacity 
needed for operating the system is about 170 L/h [6]. The refrigerator still has a 40% margin when operating on the
two cryomodules. 
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Meanwhile, the design of the valve boxes and cryostats for the horizontal and vertical test stations has been 
completed, and the static heat loads estimation of the test stations are shown in Table 3. The results show that the 
total capacity is still enough for operating the test stations when the cryomodules are operating as well.
Table 2. Cryomodules operation heat loads.
Quantity Heat load @ 80 K (W) Heat load @ 5 K (W) Heat load @ 2 K (W)
3000 L dewar 1 -- 8 --
Single-channel liquid helium transfer lines 54 m -- 27 --
Single-channel liquid nitrogen transfer lines 62 m 28 -- --
Multi-channel cryogenic transfer lines 72 m 72 36 --
4 K main distribution valve box 1 15 25 --
Cryomodules 2 572 166 46
4 K - 2 K valve box 1 15 9.6 0.9
Total for system operation 702 272 47
Table 3. Static heat load of the test stations.
Quantity Heat load @ 80 K (W) Heat load @ 5 K (W) Heat load @ 2 K (W)
2 K horizontal test valve box 1 15.8 9.6 0.90
2 K horizontal test cryostat 1 37.6 3.0 0.33
2 K vertical test valve box 1 10.3 6.5 0.00
2 K vertical test cryostat 1 173 12.1 0.49
Total for test stations 237 31 1.7
5. Conclusion
After optimization, the design of the ADS injector I cryogenic system has been completed. Construction of the 
system is ongoing now. Installation of the main equipment such as the refrigerator, pump station, recovery machines 
and storage tanks has already been completed. The refrigerator and pumps are under commissioning. The cryogenic 
valve boxes and cryostats are under manufacturing. 
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